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ABSTRACT 
Indonesia has abundant geothermal resources due to the number of volcanoes in its 
geographical region. The volcanoes in Indonesia stretch along Sumatra, Java, Nusa Tenggara, 
Sulawesi to the Moluccas. It causes Geothermal can be a prospective source of renewable energy in 
Indonesia. The research is focusing in Mount Lawu as one of the volcanoes in Indonesia that 
located in Karanganyar, Central Java. This research conducted by descriptive and analytical 
method. The geothermal reservoir is formed due to the geological structure in subsurface. The 
geological structure will be the way for the emergence of geothermal manifestations on the surface 
which reflecting the existence of geothermal activity. The parameters of the geothermal reservoir 
are determined by the permeability, temperature and reservoir volume. These parameters can be 
obtained from imaging-based investigation and surface geological data collection. This study also 
features an image investigation using digital elevation model data to create a fault fracture density 
(FFD) map which will show the distribution of the geothermal prospect zone. The prospect zone 
based on the FFD is validated with geochemical data to show outflow zones and geophysical data 
using magnetotelluric to show anomaly values. Through descriptive methods, manifestations and 
rock alteration research areas are around Fumaroles Candradimuka area, Post 4 Ascent of Mount 
Lawu, and Jenawi due to the analysis and interpretation of the alteration types argillic – advanced 
argillic. Based on Geothermometer Na-K-Ca, the temperature ranges from 174 - 177°C. Based on 
Geothermal manifestation, Rock alteration, Geochemical analysis of fluid, FFD method and 
Magnetotelluric data, it is known that Lawu geothermal prospect zone is located in The 
Southwestern part of the Lawu mountain slope around fumarole Candradimuka. 
Keywords: geothermal, geochemical analysis, fault fracture density, lawu mountain 
1. INTRODUCTION 
Mount Lawu is a mountain located in Karanganyar, Central Java. The research location is 
located at Lawu Mountain with height 3625 masl. Based on geographical position, the UTM-WGS 
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84 zone 49S coordinates of the research area lied between 506.000 - 524.155 mT and 9.150.000 - 
9.169.000 mU Administratively Mount Lawu is located between Karanganyar regency (Central 
Java province) and Magetan regency (East Java province). To investigate geothermal system in 
Mount Lawu integration of descriptive and analytical methode has undertaken including satellite 
imagery analize, fluid chemistry analysis and interpretation of resistivites geophysical data. 
2. DATA AND METHODOLOGY 
The method used in this research is descriptive method, finding facts with the exact 
interpretation appropriately, consisting of three stages namely preliminary stage, analysis and 
interpretation stage, and results presentation stage. 
1. Preliminary Stage 
This preparation is conducted to arrange the required materials in accordance with the chosen 
theme as introduction of Lawu's Geothermal field into the object of research and its relation with 
the required data. The content of the used data are Primary data is DEM map, Secondary data 
includes geological map of the research area, geochemical manifestation data, rock alteration map 
and geophysical map (magnetotelluric). 
2. Analysis and Interpretation Stage\ 
In this stage, it includes comprehensive analysis of DEM maps, geochemistry of the fluids, and 
magnetotelluric map. 
3. Results Presentation Stage 
In the presentation stage, the data is translated into map and conceptual model which is result of 
analysis stage which have been done. 
3. REGIONAL GEOLOGY 
Mount Lawu is a stratovolcano, it is presented in geological map Sheet Ponorogo, Central Java 
(scale 1:100.000), (Sampurno and Samodra in 1997; Figure 1). The lithology in the area of research 
contains: volcanic rock, intrusion rocks and sedimentary rocks which age range from Tertiary to 
Quaternary. Stratigraphy (from the oldest to the youngest) are Andesite intrusion rocks, Wonosari 
Formation, Jabolarangan Tuff, Jabolarangan Breccia, Sidoramping Lava, Lava Jabolarangan, Mount 
Lawu rock, Lahar Lawu. 
 
4. GEOLOGIC DATA  
4.1 Rock Alteration 
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Stratigraphy of research area is divided into five rock units based on field observation and digital 
image elevation model. Those units started from the young to the older strata are Lawu 
sedimentation unit, lava andesite Candradimuka unit, Lawu volcano, Lava Andesite Sidoramping, 
and Breccia Volcano Jobolarangan. There are boundaries among the rock units that needs to be 
respected based on field observations and assisted with interpretation of the digital elevation model 
of the study area. The first observation is the part of Lawu Lava Deposition, this unit is exposed in 
the western slope of Lawu mountain. The next discussion is the andesite lava Candradimuka which 
occupies the area of the slopes of the south-bottom of the mountain. This unit forms the steep hill 
morphology of Mount Lawu. The thickness of the Candradimuka lava andesite varies 
inapproximately 30 meters thick in which spreads from the peak of Mount Lawu to the southern 
lower slope of Mount Lawu. The older stratum is the Lawu volcano rocks unit which is exposed in 
around Ngargoyoso, Nglerag, Cumpleng, Bayanan and Ngunut (North - West) areas. 
The presence of contact between rocks with hydrothermal fluids resulted in changes of the 
mineral composition of andesite lava in Tasin Village. The oldest stratum is the Jobolarangan 
Pyroclastic unit in which exposed at the foot of Mount Lawu in the northwest and around the old 
Lawu Mountain complex, Mount Jobolarangan. The pyroclastic flow deposits are derived from the 
eruption material of Mount Jobolarangan characterized by the discovery of Tufa coating and 
volcanic breccia. This volcanic breccia has fragments of andesite with gravel size. 
4.2 Geothermal Manifestations 
Geothermal manifestations of warm springs are found in several locations such as manifestation of 
Fumarol Candradimuka which is located on the southern slope of Mount Lawu Peak 
(Hargodumilah). There are sublimation of sulfur visibility, rock alteration, stronger odor of sulfur 
and stronger sizzle than the hot springs of Tasin (TSN) which is located in Tasin Village, Jatiyoso 
Subdistrict, Karanganyar Regency (Figure 1). Tasin Hot Spring has a clear and salty color with a 
temperature of 46°C and a relatively neutral pH of 5.75. The dimension of this manifestation is\ 
± 2 meter x 1 meter with elevation is 1020 meters above sea level, water discharge is 0.8L/s. 
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Figure 1: Distribution of manifestations (Pahlawan, 2015) 
Pablengan (PAB) hot springs is located in Matesih Village (west of Lawu mountain), District 
Tawangmangu, Karanganyar District. Pablengan hot springs has a clear color with temperatures 
around 33°C and a relatively neutral pH 5.70. Nglerak (NGL) is located in Matesih Village (west of 
Lawu mountain), Tawangmangu Subdistrict, Karanganyar Regency. Nglerak hot springs has 
a clear color with temperatures around 33°C and a relatively neutral pH 5.70. Kondo (KND) 
manifestation is located in Kondo Village (North of Lawu Mountain), Jenawi District, Karanganyar 
Regency. Mangli (MGLI) is located in Mangli Village (Northwest from Lawu Mountain), Jenawi 
District, Karanganyar Regency. Ngunut (NGU) is located in Ngunut (Northwest from Lawu 
mountain), Jenawi District, Karanganyar Regency. North Bayanan (BAY1) which is located in the 
South located in Bayanan Village (Northwest from Lawu mountain), Sambirejo District, Sragen 
Regency. South Bayanan (BAY2) is located in Bayanan Village (northwest of Lawu mountain), 
Sambirejo District, Sragen Regency. Meanwhile, the alteration rocks are found in some places, 
namely Jenawi, Mangli, Kondo and Tasin. The results of the analysis and interpretation show that 
the rocks have undergone hydrothermal alteration into clay minerals such as Alunite, Haloysite, and 
Kaolinite. The presence of these minerals is indication of an argillic-advanced argillic alteration, 
formed in temperature environments between 50 °C - 300 °C and influenced by acidic fluids 
(Pahlawan, 2015). 
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4.3 Fault Fracture Density (FFD) 
The Digital Elevation Model (DEM) map has been analyzed by making hillshades with four 
different lighting angles. Those are 0 , 45 , 90  and 135  (Figure 2) and from each of the 
lighting has different straightness patterns. The area of concern for the lineaments study are the ones 
that located in the escarpments and the valleys or the rivers. It is controlled by higher erosion of the 
surrounding area and erosion in the river due to the geological structure which made it weak zones. 
 
 
 
 
 
Figure 2: All the lineament with layout 45o azimuth hillshade 
Lawu region is controlled by volcanic and structural processes. The lineament patterns mostly 
appear relatively in SW-NE direction and in N-S orientation. In addition, there is a semi-circular 
feature which is associated with Cemorosewu Fault surrounding the research area. Those 
lineaments have been interpreted as faults which control the secondary permeability of the 
geothermal reservoir. Areas with high fracture densities are found in the northern part of 
Cemorosewu (the summit of Mount Lawu) and northwestern of Mount Lawu (Jenawi and 
Ngargoyoso) (Figure 3). High fracture of densities associated with pathways of geothermal fluids or 
permeable zones. According to Hochstein (1993), manifestations will appear in the permeable zone 
(tight density of structure). In the research area all manifestations are inferred directly related to the 
high density of structure. 
 
 
 
 
 
Figure 3.: Fault Fracture Density Map 
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Processing of lineaments is conducted by creating a lineament map of the research area and 
counting every line of the lineaments. The total length of each lineament are summed up in every 
1km2 (Soengkono, 2000). The total values in every 1 km square will be contoured afterwards, 
resulting a map of the structure density. Contours that have a high value or a red area indicate that it 
has a high density of structure. 
4.4 Geochemical Analysis of Fluid 
Fluid chemistry analysis has been conducted on the water samples from each of the hot springs 
manifestations. The hotsprings manifestations of Lawu are consist of Mangli (MGLI), Nglerak 
(NGL), Pablengan (PAB), and Tasin (TSN). Based on Cl - SO4 - HCO3 ternary diagram 
Giggenbach, 1991, it shows that hot waters of Tasin (TSN), Pablengan (PAB), Nglerak (NGL), and 
Mangli (MGLI) are chloride-rich water (Pahlawan, 2015) (Figure 4). This indicates that the four 
water samples may be related to deep water. The characteristics of the hot water that can be used in 
the calculation of geothermometer is the type of water chloride (Cl), because the water chloride type 
strongly reflects the condition of the reservoir. 
 
 
 
 
 
 
 
Figure 4 The Cl - SO4 - HCO3 ternary diagram Giggenbach, 1991(Pahlawan, 2015) 
4.5 Geophysics Data 
Based on Sugianto (2011), the results of MT measurement are presented in resistivity maps. MT 2D 
modeling has undertaken and its sliced per-depth. In this paper will be discussed the map at a depth 
of 500, 1000, 1500 and 2000 meters. Distribution of low-resistivity values shows it opens to the top 
of Mount Lawu (Figure 5). This type of low resistivity value is seen at a depth of 500 and 1000 m. 
low resistivities value interpreted as the response of the alteration rock that serves as the cap rock to 
the geothermal system in this area. At depths of 1500 m and 2000 m the distribution of low-
resistivity is no longer visible and only moderate resistivity values are interpreted as zones of 
geothermal reservoirs. 
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Figure 5: Resistivity map (Sugianto, 2011) 
These low resistivity appear to diminish to the northwest and thicken to the southeast. This type of 
low resistivity value that thinned to northwestward is interpreted as a response of the alteration 
process caused by the hot fluids-host rocks interaction which is getting weaker intensity. Meanwhile 
the lower resistivity layer in the southeast is interpreted as a response from a functioning 
groundwater as Sarangan aquifer. To the northwest of the lower layer is also seen the distribution of 
high-resistivity layer that is interpreted as a response from intrusive rocks that did not reach the 
surface (Sugianto, 2011). 
 
5. DISCUSSION 
The geothermal system in the area of Mount Lawu is indicated to be closely related to the 
youngest volcanic activity of Mount Lawu which is still retaining the remaining heat from the 
magma chamber (Munandar, 2011). The remaining heat acts as a heat source that heats up 
subsurface waters. The hot fluids because of lighter density than the cooler fluids will eventually 
flow upwards to the low pressure area. When the hot fluids are ascending, there will be interaction 
with the side rocks that allows the formation to be altered, forming new minerals with impermeable 
properties that fill the space between pores and or fractures so that eventually become an 
impermeable zone. In a geothermal system it is called cap rocks that acts to keep the hot fluids in 
the reservoir from moving upwards to the surface. 
Water samples from these manifestations are not in the form of sulfate water but the water 
samples obtained are in the form of chloride water and bicarbonate water. The two waters 
characterize the outflow zone, but at the top of Lawu mountain there is fumarol candradimuka. 
Fumarole is commonly found in upflow zones (Nicholson, 1993). Therefore, the objective of an 
overlay of structural density maps and the location of manifestations that characterize the upflow 
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zone is to figure out the target location for the geothermal well drilling in Cemorosewu area, which 
is close to the fumarole candradimuka, Ngargoyoso and Tawangmangu areas. 
While the location of top of reservoir is located at the bottom of the cap zone based on 
interpretation of low resistivities of magnetoteluric. The sculpting rock is a type of alteration rock 
that typically provides a low resistance type response because it is impermeable, while the reservoir 
of heat is under the shielding rock and provides a relatively higher type of resistance response than 
the scarf (Johnston, JM, et.al., 1992). Good permeability is a characteristic of the geothermal 
system component of a reservoir zone that can store steam and hot water. From magnetoteluric 
surveys, the distribution of low resistivity is interpreted as layer of rocks scattered around the 
fumaroles and continuously spread to the west of the summit of Mount Lawu (Sugianto, 2011). 
Vertical distribution of this low resistivity area appears from the surface of the soil to a depth of 
1500 meters with a thickness ranges about 1000 - 1500 meters (Figure 5). The shallow reservoir is 
estimated to be below the fumarole of Candradimuka where its peak is at an altitude of 1000 meters 
above sea level. 
Based on magnetoteluric data and an overlay map of fault fracture density (FFD) with upflow 
zone, therefore, the target drilling point is located in Cemorosewu and Tawangmangu area (Figure 
6) with reservoir that can start to be found at 1000 masl. 
This study tried to identified posibilities existence of geothermal system, which is consist of 
heat source, fluid, cap zone and reservoir zone. Identification of each component can be interpreted 
from the analysis result in this study. These components relationship presented in a conceptual 
model of a geothermal system (Figure 7 and 8). 
 
 
 
 
 
 
 
 
 
 
Figure 6: Recommendation Map 
   Figure 7: Topographic Map 
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Figure 8: Conceptual model of Lawu geothermal field 
6. CONCLUSION 
Based on the results of research that has been done, it can be taken some conclusions as 
follows: 
1. Areas with high structural density values include the areas of Jenawi, 
Ngargoyoso, Cemorosewu and Tawangmangu. 
2. Fumarole Candradimuka in Cemorosewu is interpreted as upflow area which indicates there 
is a reservoir below the surface. 
3. Shallowest op reservoir based on magnetoteluric data is located at an altitude of 1000 masl 
located at the top of Mount Lawu. 
4. The target point for drilling wells of Lawu geothermal prospect field is recommended in 
area of Cemorosewu and Tawangmangu. 
7. ACKNOWLEDGMENTS 
The authors acknowledge all lecturers of Geological Engineering Diponegoro Universityfor 
their guidance an supports during the writing of this paper.  
8. REFERENCE 
Hochstein, M.P., Sudarman, S., (1993), “Geothermal Resources of Sumatra“, Geothermic, Vol. 22 
no.3, 181-200. 
Johnston, J.M., Pellerin, L., Hohmann, G.W., (1992), “Evaluation of Electromagnetic Methods for 
Geothermal Reservoir Detection”, Geothermal Resources Council Transactions, Vol. 16. pp 
241 – 245. 
Nicholson, K., (1993), “Geothermal Fluids: Chemistry and Exploration Techniques”, 
Springer, Berlin. Pahlawan, T. O., (2015), “Alterasi Hidrotermal, Geokimia Fluida dan Batuan 
Berdasarkan Manifestasi Daerah Prospek Panasbumi Gunung Lawu, Kabupaten Karanganyar, 
Provinsi Jawa Tengah,” Tugas Akhir, Universitas Diponegoro. 
6th Asian Academic Society International Conferenc (AASIC) 
A Transformative Community: 
Asia in Dynamism, Innovation, and Globalization 
      
©Copyright 2018 proceeding of the 6th AASIC   604 
 
Soengkono, (2000), “Assessment of Faults and Fractures at The Mokai Geothermal Field, Taupo 
Volcanic Zone, New Zealand”, Proceedings World Geothermal Congress, Kyushu - Tohoku, 
Japan. 
Sugianto, A., Munandar, A., (2011), “Survei Magnetotellurik Daerah Panas Bumi Gunung Lawu 
Jawa Tengah-Jawa Timur”, accessed on June 28th, 2018. 
Sampurno dan Samoodra. H., (1991), “Peta geologi lembar Ponorogo. Jawa. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
